Also completed for this task was the selection of a suite of tracers for the next series of tracer tests. Selection was based on the list of permitted tracers for use at the ESF as well as on their availability. Residual tracer is available from the Alluvial Tracer Complex (ATC) testing and therefore selection was limited to these tracers when possible. Method development work was performed to determine which of the available tracer could be chromatographically separated. Chromatographic separation is required for the analyses of all tracers in the event that all are present in a given sample. Once tracers were selected, the masses and concentrations for the injection solutions were determined. Tracer selection was a collaborative effort between the HRC, Lawrence
Berkeley National Laboratory (LBNL), and the US Geological Survey (USGS).
Task 35 was initiated on January 1, 2002 and activities are on-going in preparation for the next phase of tracer testing. This report describes all activities completed through August, 2003.
2.

Methods
The LBNL and USGS researchers collected and transported all samples to the HRC in accordance with LBNL sample collection, transportation, and chain of custody procedures. Once samples were received at the HRC, Implementing Procedures (IPLVs), approved by the UCCSN Quality Assurance Program, were followed for sample control, sample analysis, and data reporting. The IPLVs used for this task are listed in Table 1 . Pipettor Calibration Check PFBA and the FD&C dyes were analyzed using a Thermo Separation high performance liquid chromatograph (HPLC) with ultraviolet detection, the anions (Cl~, F", Bf, SO42", and NOs") were analyzed on a Dionex ion chromatograph (1C) with a conductivity detector, and the cations (Ca2+, Mg2+, Na+, and K+) were analyzed using a
Varian flame atomic absorption (AA) spectrometer. The analyses are detailed in Volume 1 of the scientific notebooks UCCSN-UNLV-043 and UCCSN-UNLV-046.
The HPLC column, the injection volume, and the mobile phase composition varied depending on the particular suite of analytes. Specific instrument conditions were selected so that optimum separation of the analytes and any chromatographic interferences present in the sample matrix was achieved. Associates) were used to prepare all other calibration standards. The accuracy of standards preparation was determined using initial calibration check (ICC) standards which were prepared independently of the calibration standards. In order to proceed with the analyses, the ICC was required to be within 10% of its prepared concentration. The precision of the measurements was determined by analyzing a subset of samples in duplicate or triplicate. A calibration standard was also analyzed at the end of the analyses (CCC) to ensure that the system remained in calibration throughout the entire analysis.
The measured concentration of the CCC also must be within 10% of its prepared concentration in order to accept the analyses.
Verification of all data was performed to check compliance to the IPLVs and to verify the accuracy of data reduction and electronic data transfer. Electronic data was transferred from the instrument to a Microsoft Excel or Quattro Pro spreadsheet. This electronic data transfer was checked by comparing hardcopies of the raw data, from the instrument, to hardcopies of the spreadsheets; all concentrations and sample names were compared. This comparison is documented on the spreadsheets which are included with the raw data and attached to the scientific notebook. Internal technical review was documented on the data and in the scientific notebook. Electronic data were controlled in accordance with QAP-3.1 "Control of Electronic Data". Data were stored on the local network server and backed up daily. PCs used are password protected and reside in locked offices. No software requiring qualification was used for this task.
Results and Discussion
The results of the first series of analyses for PFBA and bromide in a total of eighteen samples are reported in Appendix A. These data were submitted to the UCCSN Technical Data Archive (TDA) on 9/18/02 (MO0210UCC035IF.001). An additional ninety-nine samples were analyzed for PFBA, FD&C Blue #1, FD&C Yellow #5, and FD&C Red #40. Several of the analyses were performed in triplicate; the averages of these measurements were reported to the TDA on 7/18/03 (MO0307UCC035IF.002).
These results are also listed in Appendix B. The concentrations of the analytes were quite low in the majority of the samples and significant background interferences were also present in many of these samples. Several chromatographic conditions were therefore tested in order to be sure that the proper peaks were identified for each of the analytes.
The detection limits for PFBA ranged between SOppb -lOOppb, and those for the FD&C dyes ranged between 20ppb -lOOppb depending on the chromatographic conditions used for the analysis. The average concentration for each of the replicate measurements, along with the standard deviation (Std), and percent relative standard deviation (%RSD) are listed in Tables 2 and 3 for PFBA and the FD&C dyes, respectively. The Std and %RSD values (Table 2 and 3) are relatively high due the low concentrations of tracers in the majority of the replicate samples. The concentrations, in many cases, were close to the detection limit resulting in relatively poor precision. A subset of 55 samples was selected for analysis of major anions and cations. The subset was selected to be representative of all of the sampling locations for several of the sampling dates. The concentration data for these analyses are included in Appendix C "Fluoride, Bromide, Chloride, Nitrate, and Sulfate Concentration Data" (MO0307UCC035IF.002) and Appendix D "Sodium, Potassium, Calcium, and Magnesium Concentration Data" MO0307UCC035TJ.001. Only a few duplicate samples were analyzed for anions and cations; the %RSD for all duplicate measurements were less than or equal to 2%. This low %RSD between duplicates demonstrates the excellent precision of these measurements.
A suite of tracers was selected for the next phase of tests at Alcove 8 / Niche 3.
The USGS and LBNL Principle Investigators requested that these tracers include three halides and three fluorinated benzoic acids. The masses and concentrations, as well as the tracers themselves, were limited to those on the list of approved tracers (Appendix E).
In addition, residual tracer is available from the Alluvial Tracer Complex (ATC) testing and therefore selection was limited to these tracers when possible. Method development work was performed to ensure the ability to analyze all tracers within a sample, assuming the likely event that all tracers may be present simultaneously in the seepage samples collected from Niche 3. Previous method development work has been performed to allow for chromatographic separation of the majority of the fluorinated benzoic acids; the analytical difficulty is the ability to quantify iodide. Several different chromatographic columns as well as several different HPLC conditions were tested to achieve simultaneous analysis of the fluorinated benzoic acids, along with iodide. A method was discovered that provided for analysis of 2,4,5-trifluorobenzoic acid (2,4,5-TFBA), pentafluorobenzoic acid, 2,5-difluorobenzoic acid (2,5-DFBA), 2,6-difluorobenzoic acid (2,6-DFBA), and iodide. These tracers were therefore selected for use in the next test.
The list of tracers, zones for which they were selected, as well as the mass, volume, and concentration for the injectate solutions are listed in Table 4 . The maximum allowed mass and concentrations were obtained from the list of approved tracers (Appendix E).
The maximum allowed concentrations for the halides are quite low; bromide is already in the system because of the presence of lithium bromide in the water used for the injection.
This may limit the ability to quantify these tracers in the case that significant dilution occurs during infiltration.
Conclusion
This final report summarizes activities completed to date. Work under Task 35 is still in progress to prepare for the next series of testing. The next phase of testing is expected to begin in November 2003. Analysis of samples for these tests will continue. 
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